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AB The present invention relates to transgene expression systems, related 

compositions comprising the transgene expression systems, and methods of 
making and using them. Preferred systems employ an adenovirus transgene 
expression vector comprising DNA encoding a transgene which 
codes for a desired product operably linked to expression control 
sequence, and at least a portion of the adenovirus E3 region and certain 
portions of the E4 region. The E4 portions comprise the open reading frame 
sequence known as E40RF3 and at least one other portion of E4 . Preferably 
the E4 portion of the vector (or »E4 cassette") includes E40RF3 
and at least one other portion selected from E40RF4, E40RF6/7 
and E40RF3/4. The invention has a number of important features includinq 
improving persistency of transgene expression in a desired host cell The 
transgene expression systems of the present invention are useful for 'a 
variety of applications including providing persistent cellular expression 
of the transgene m vitro and in vivo. 
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Suicide gene therapy using thymidine kinase/ganciclovir (Tk/GCV) yields 
highly variable results, in vitro and in vivo. To determine the reasons 
for such variations, we examined cellular mechanisms mediating its 
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tOX1 "^ y ln view of their interaction with adenoviral vectors 
(Ad) used for gene delivery. Here we report that the presence of 
. adenovirus early region 4 (AdE4) -encoded viral proteins significantly 

decreases toxicity of Tk/GCV. The E4 region-encoded proteins exerted this 
effect when found on the adenoviral delivery vector and when 
provided m trans in Tk retrovirally transduced cells. The apoptotic 
response was assessed in GCV-treated cells. The decrease in toxicity 
caused by AdE4 proteins was not correlated with apoptotic response as 
measured by internucleosomal DNA degradation and TUNEL aJsly? Our 
S/GCv S indI^H te f^S ptosis is not the only mechanism of 
Tk/GCV- induced cell death and that other mechanisms equally important in 
determining the success of such a gene therapy strategy should be 
considered when optimizing treatment conditions. 
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M ^li 4 "" P rotein of hum an adenovirus induces P 53 -independent 

apoptosis, a process that may promote cell death and viral soread wi, 0 „ 

h^n 356 ?/ 1011 ^ E4 °r 4 killS transformed cells bufn£ SrmaT ^ 
™" C l S h TnL? nly . Clear tar9et of E4orf4 in mammalian cells 
p th f alpha I 355 ) subunit °f Protein phosphatase 2A (PP2A) a member of 

o?%4 c laS ! eS ° f re 9 ulator y B subunits. Here we report the erfects 

of E4orf4 m Saccharomyces cerevisiae, which encodes two PP2A etfects 
. regulatory B subunits, CDC55 and RTS1, that share homology with mammalian 

B and b> subunits, respectively. E 4orf4 expression was flund to 

TVS T aSt ' resultin 3 in the accumulation of cells in G2/M phase 
that failed to grow upon removal of E4orf4. E4orf4 

X^Tt n ?- yeaSt a ^ S ° dis P la Y ed an elongated cell morphology similar to 
cdc55 deletion strains. E4orf4 required CDC 5 5 to elicit its Simiiar t0 
effect, whereas RTS1 was dispensable. The recruitment of the PP2A 
holoenzyme by E4orf4 was entirely dependent on Cdc55 . These 
ce^HnH V e , that E4orf4-induced apoptosis in mammalian 

subunits of 6 PP2A £ in YeaSt regUirG funct ional interactions with B-type 
subunits of PP2A However, some inhibition of growth by E4orf4 
was observed m the cdcSS strain and with an E4orf4 mutant that 
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^ = • n „ . . . ^ , ~ — " l.ix an ciorLt mutant tnat 

ItlrJS ™ «* c t Wlt h Cdc55, indicating that E4orf4 may possess 
a second Cdc55 -independent function affecting cell growth 
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Caspase activation by adenovirus e4orf4 protein is cell line 
specific and Is mediated by the death receptor pathway 
Livne A; Shtrichman R; Kleinberger T ' 
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AB Adenovirus E4orf4 protein has been shown to induce transformed 

cell-specific, protein phosphatase 2A~dependent , and p53 -independent 

apoptosis. It has been further reported that the E4orf4 

apoptotic pathway is caspase- independent in CHO cells. Here, we show that 

E4orf4 induces caspase activation in the human cell lines H1299 

and 293T. Caspase activation is required for apoptosis in 293T cells, but 

not in H1299 cells. Dominant negative mutants of caspase-8 and the death 

receptor adapter protein FADD/MORT1 inhibit E4orf4- induced 

apoptosis in 293T cells, suggesting that E4orf4 activates the 

death receptor pathway. Cytochrome c is released into the cytosol in 

E4orf 4 -expressing cells, but caspase-9 is not required for 

induction of apoptosis. Furthermore, E4orf4 induces 

accumulation of reactive oxygen species (ROS) in a caspase-8- and 

FADD/M0RT1 -dependent manner, and inhibition of ROS generation by 

4,5-dihydroxy-l, 3 -benzene-disulf onic acid (Tiron) inhibits E4orf4 

-induced apoptosis. Thus, our results demonstrate that E4orf4 

engages the death receptor pathway to generate at least part of the 

molecular events required for E4orf 4 -induced apoptosis. 
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The primary objective of characterizing bovine adenovirus type 3 (BAV3) in 
greater detail is to develop it as a vector for gene therapy and 
vaccination of humans and animals. A series of BAV3 early region 4 (E4) 
deletion-mutant viruses, containing deletions in individual E4 open 
reading frames (Orf) or combinations of Orfs, were generated by 

i^ nSf r t ; n9 * Pr ; mary f6tal b ° vine retinal cell s with E4 -modified genomic 
DNA Each of these mutants was further analyzed for growth kinetics 
viral DNA accumulation, and early-late protein synthesis. Mutant viruses 
carrying deletions in Orfl, Orf 2, Orf 3, or Orf 4 showed growth 
characteristics similar to those of the E3 -deleted BAV3 (BAV302) DNA 
accumulation and early/late protein synthesis were also indistinguishable 
from those of BAV302. However, mutant viruses carrying a deletion in 
S ' °??-i" 3 (BAV429 !' or 0rfs 3 " 5 (BAV430) were modestly compromised in 
their ability to grow in bovine cells and express early/late proteins E4 
mutants containing larger deletions, Orfs 1-3 (BAV429) and Orfs 3-5 
(BAV430), were further tested in a cotton rat model. Both mutants 
replicated as efficiently as BAV3 or BAV302 in the lungs of cotton rats 
BAV3 -specific IgA and IgG responses were detected in serum and at the 
mucosal surfaces in cotton rats inoculated with mutant viruses. In vitro 
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SiiJdSr B f£S t ^ 1 " tl ° ,I .- f i t J eBe E4 mUtantS SU93estS that none of the 
individual E4 Orfs are essential for viral replication. Moreover 

successful deletion of a 1.5-kb fragment in the BAV3 E4 region increased 
vector^ s! J^ion capacity of replication-competent 1av3 inCr£aSed 
vector (E3-E4 deleted) to approximately 4.5 kb and that of 
replication-defective BAV3 vector (Ela-E3-E4 deleted) to 

BAv3°vect 0 « y t h^° **' ThiS f s . extremel y -ef«l for ihe construction of 
l^ZLZ? * at ex P ress multiple genes and/or regulatory 
elements for gene therapy and vaccination. 
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The present invention relates to transgene expression systems related 
pharmaceutical compositions, and methods of making and Cing thlm 
Preferred systems employ an adenovirus transgene expression vector 

one other portion selected from E40RF4, E40RF6/7 and E40RF3/4 

ler,]T ntlon , has a n ^r of important features including improvinq 

persistency of transgene expression in a desired host cell 

expression systems of the present invention are useful ror'a Jarietv of" 

SH^TS v?" f" 9 ^est^Lf 
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y f h ! S1S ' stabilit Y' Phosphorylation, and interactina 
polypeptides of the 34 -kilodalton product of open reading frame 6 of rh. 
early region 4 protein of human adenovirus type 5 ^ frame 6 ° f the 
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complexes play a critical role at later times in tne^egu^tion IT viral 



mRNA transport and shutoff of host cell protein synthesis. In the present 
study, we have further characterized some of the biological properties of 
E4orf6. Analysis of extracts from infected cells by Western blotting 
indicated that E4orf6, like E1A and E1B products, is present at high 
levels until very late times, suggesting that it is available to act 
throughout the infectious cycle. This pattern is similar to that of 
E4orf4 but differs markedly from that of another E4 product, 
E4orf6/7, which is present only transiently. Synthesis of E4orf6 is 
maximal at early stages but ceases completely with the onset of shutoff of 
host protein synthesis; however, it was found that unlike E4orf6/7, E4orf6 
is very stable, thus allowing high levels to be maintained even at late 
times. E4orf6 was shown to be phosphorylated at low levels 
Coimmunoprecipitation studies in cells lacking p53 indicated that E4orf6 
interacts with a number of other proteins. Five of these were shown to be 
viral or virally induced proteins ranging in size from 102 to 27 kDa 
including ElB-55kDa. One such species, of 72 kDa, was shown not to ' 
represent the E2 DNA-binding protein and thus remains to be identified 
Another appeared to be the L4 100 -kDa nonstructural adenovirus late 
product but it appeared to be present nonspecif ically and not as part of 
an E4orf6 complex. Apart from p53, three additional cellular proteins, of 
84, 19, and 14 kDa were detected by using an adenovirus vector 
that expresses only E4orf6. The 19-kDa species and a 16-kDa cellular 
protein were also shown to interact with E4orf6/7. it is possible that 
complex formation with these viral and cellular proteins plays a role in 
one or more of the biological activities associated with E4orf6 and 
E4or"f 6/ 7 . 
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Methods for making transgene expression systems are described. Preferred 
systems employ an adenovirus transgene expression vector 
comprising DNA encoding a transgene which codes for a desired product 
operably linked to expression control sequence, and at least a portion of 
the adenovirus E3 region and certain portions of the E4 region. The E4 
portions comprise the open reading frame sequence known as E40RF3 and at 



least one other portion of E4 . Preferably the E4 portion of the 
vector (or »E4 cassette") includes E40RF3 and at least one other 
portion selected from E40RF4, E40RF6/7 and E40RF3/4 The 
invention has a no. of important features including " improving persistency 
of transgene expression in a desired host cell. These transgene 
expression systems are useful for a variety of applications includina 

vlvr^gecifJcanf the ^Lnsge^Hn^Jro^nd in 

Iff^ufi? ^ transgene encoding CFTR was shown to be 

effectively expressed in lung airway epithelium. This expression svst™ 
minimizes cell-mediated immune reactions against adenovSas Y 
vectors by use of E3 region encoding gpi9 K glycoprotein which 
adversely affects MHCI receptor. This system is therefore attractive for 
Jucn as°?n olZM ePeat f ministration of the transgene may le retired 
protocols PY treatments squiring high or multiple dosf 
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f UdieS , by our 9 rou P show ed that infection of human and rodent 
cells by human adenovirus type 5 (Ad5) results in the induction of 
P53-independent apoptosis and cell death that are dependent upon 
2 ^tivation of early region, 4 (E4) . To identify P which E4 products are 
Sected'w?^ 163 -" 6 " S° ndUCted Wlth P53-deficient human SAOS^ ceS 
defective in ^r^i!^ 5 E4 ™ tants - E4orf 6-def icient mutant was 

Morf SlSd like wnd n ?vnr hereaS ^ ex P^ed only E4orf6 and 

r«Z= m , wild-type virus, suggesting that E4orf6 may be 

ESS tS' H r h Cy r?° Xi ? ity; hOWSVer ' a mutant ^pressing only 
E4orf4 induced high levels of cell death, indicating that this E4 
product may also be able to induce cytotoxicity. To Sine the E4 cell 
nSn;^ 9 - f ^ i0nS m ° re P reci ^ly, cDNAsencoding individual £ 

other Ads'pr^teins ^f/f ° ^ 11S . by DNA transf -tion in the absence of 
Proteins In cotransfections with a cDNA encoding fireflv 
en ^ ic activity was high in all cases except with 
E4orf4 where luciferase levels were less than 20% of those in 
tSSii- In additi ° n ' dru 9 "election of several cell t^ s Allowing 
transaction with retroviral vector DNA encoding individual E4 

llltnl * 38 ^l 1 r P uron, y cin resistance yieldel a large number of 
colonies except when E4orf4 was expressed. These data 
demonstrated that E4orf4 is the only E4 product capable of 
independent cell killing. Cell death induced by E?orf4 was due 
to apoptosis, as evidenced by 4 ■ , 6-diamidino-2-phenylindolJ (DAPI) 
staining of cell nuclei in E4orf 4 -expressing cells. Thus 
although E4orf6 may play some role, these results suggested that 
E4orf4 may be the major E4 product responsible for induction of 
p53 -independent apoptosis. or 
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